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INTRODUCTION 


The  Cushing  Engineering  Comi^any  Shock  Test  Tficility  has  recently  been 
assembled  and  demonstrated  at  Naval  Research  Laboratory,  Washington,  D.C.  lor 
the  purpose  of  investigating  and  testing  underwater  explosion  phenomena  from 
a pure  energy  yield  explosion  source.  In  conjunction  with  these  experiments, 
-Underwater  Research  Systems,  Inc.,  of  San  Hateo,  California  has  developed 
formulas^ to  accurately  scale  the  data  results  from  these  tests  to  approximate 
large  nuclear  explosions.  The  attendant  instrumentation  for  this  facility, 
presently  available,  allows  for  the  study  of  gas  bubble  dynamics,  surface 
wave  and  shoch  wave  propagation,  rarefaction  shock  wave  generated  cavitation 
and  column  formation.  ■ . 

The  purpose  of  this  document  is  to  describe  the  aforementioned  test 
facility  equipment  in  regard  to  its  construction*  alignment  and  operational 
sequence.,. 
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I.  EQUIPMENT  DESCRIPTION 

A.  Schlieren  Optical  System 

The  Schlicron  System  is  an  optical  techniqut*  that  detects  density  grad- 
ients occurring  in  fluics.  The  deflection  of  collimated  light  rays  fi'om  its 
undisturbed  path  when  it  passes  through  a medium  can  be  photographed  in  a 
Schlieren  System  when  there  is  a component  of  the  gradient  of  refractive  index 
of  the  medium  perpendicular  to  the  rays. 

The  Schlieren  Optical  System  in  this  test  facility  consists  of  a mono- 
chromatic aeproxiraate  point  light  source,  two  pin  hole  knife  edges,  a small 
silvet«d-front  surface  mirror,  two  80"  focal  length  9-1/2”  diatnete’^  parabolic 
mirrors,  two  optical  flat  glass  portholes,  and  a thin  film  beam  splitter.  Figure 
1 shows  this  arrangement  of  the  Schlieren  System  components. 

The  light  manufactured  by  PEK,  Inc.,  Type  107-1155,  17  volts,  5.8  amp, 
is  a monochromatic  mercury  vapoi*  arc  lamp  powered  by  equipment  developed  at 
AEROLAB  Supply  Company  of  Kyattsville,  Maryland.  The  lamp  has  a relatively 
short  life,  which  is  dependenit  upon  the  operating  current.  A suitable  operating 
current  is  5.5  amps. 

To  obtain  the  approximate  point  light  source,  it  is  necessary  to  focus 
the  light  rays  from  the  mercury  arc  lamp  through  the  converging  lens  with  a 
focal  length  of  approximately  6-1/2  inches.  A pin  hole  is  positioned  at  the 
focal  length  to  this  lens.  These  light  rajfs  are  thgn  reflected  from  a small 
front  surface  mirror  to  the  first  para^jolic  «»irix)r  which,  in  tuiTi,  direets  the 
diverging  light  rays  to  a paraUel  orientavion.  The  rays  then  pass  through 
the  test  i^ank  with  the  optical  fiat  glass  portholes  to  the*  second  parabolic 
mirror,  which  acts  to  divert  the  parallel  beam  to  a conversing  one,  A thin 
film  ream  splitter  is  then  used  te  allow  ph9top*aphie  observation  of  one  light 
beam  by  ♦'wo  high  speed  cameras,  pinhole  knife  edges  are  positioned  at  the 
fecal  point  and  po’tml  to  both  the  eenveipging  light  beams.  In  effect,  the  pin 
holes  eliminate  all  spurious  li^t  i^ys  and  allow  fot*  shai^  focusing  of  the  imag# 
beir«  photo^phed. 


B»  Bynafax  Sruat  gaaera 

The  manufaeturii^.g  rights  for  this  high  speed  e«P@r-a  have  fegen  pu$»ehased 
by  Se4  Lake  yiboratorles  of  Sinta  Clara,  ©alifomla,  itawover,  lafeivaatlon 
and  repair  can  be  aec'0«splt§hed  by  the  easpany  ©f  lalt  Cake  City,  Utah* 

Thia  is  capable  of  ft<aitif«g  ©f  up  t©  pleturea  per  lieeotMls 

the  film,  TrI-k'  l*a»  Tk  ha§  t©  cut  m a le«ifh  ef  sw 

lfieh®8  and  Installad  In  the  hyttafsiR  filet  6a§eette  |n  a dark  mmt  then  the 
rassetfe  is  inafalled  in  the  gai»er-a  the  fil«i>  piae©^  the  driss*  The  diHUi  ia 
adjusted  te  retafe  at  TS0U  SP8  for  a pmp^w-  fraalng  tNate  of  tS,9©§  pps» 

A in  th®  eaifi^rs  ge^erati>§  a signal  pulse  far 

This  fignai  is  ©k  a Ifeusten  tJsufiter  fer  areurafs 

frying  rat*?  revdlutlea  ©*  th^  gaee^ra  driai  w'il  depasit  frames 

the  film.  The  tj^jBera  als©  has  an  irtemai  light  se^area  ehith  he  puise^ 

^ a slgftal  gsitisrasivr  at  a kn©«ii  fr*^»aft'cy  t©  pat  earreet  light  t^-seks  an  the 
fiiii  te  ©©niter  eseera  f retiring  rate. 


T£snr  FAC!  UTV  LAYOUT 


riGURS  lA 


TEST  FACILITY  LAYOUT  DATA 
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d.  s 6.5" 
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dg+dg«  80*’ 


dg«  6" 


d^gsse- 

djjtd,*  M- 


Distance  from  porthole  to  parabolic  mivpop^ 

Reference  position  of  probe  ia  the  test  tank  is  varied 
according  to  data  required 

Reference  position  of  probe  io  the  test  tank  is  varied 
according  to  data  required 

Diameter  of  tank 

Distance  from  parabolic  mirror  to  small  front  surface  mirror 

Distance  from  edge  of  collimated  light  beam  to  edge  of  small 
front  surface  mirror 

Focal  length  of  lens  from  point  light  source 

Focal  length  of  parabolic  mirrors 

Distance  from  Dyne fax  pinhole  to  beam  splitter 
Also  from  HVeAM  pinhole  t©  beam  splitter 

Distance  from  HYCAH  lens  to  beam  splitter 

Focal  length  of  parabolic  mimA* 


Attached  to  the  camera  is  a Seikosha  Shutter*  Model  No.  SLV.  During 
operation,  the  camera  drum  ix^tatcs  at  constant  speed  ard  a shutter  allows 
exposure  of  the  f £}»  for  only  one  revolution  of  the  ds  i to  prevent  double 
exposure.  This  shutter  is  jeo»3tely  tripped  by  a Tektronix  Shutter  Actuator, 
which  is  energised  by  the  sequencing/firing  circuit.  Nhen  properly  adjusted 
and  the  shutter  speed  set  at  an  exposure  titae  of  1/125  sec. , approximately  200 
pictures  will  be  deposited  on  the  film  in  one  revolution  of  the  drum  camera, 
thereby  giving  a framifiig  rate  of  25,000  pps. 

The  attached  lens  on  ihis  camez'a  is  a Cosaicar  Television  lens.  Model 
No.  14244,  adjusted  to  f/1.4  and  focal  distance  at  infinity. 


C*  Red  Lake  Camera  (Hycaml 

The  Uyeam  camera  is  manufactured  by  Red  Lake  Lab  of  Santa  Clara,  Cali«- 
foruia.  It  is  capable  of  framing  rates  from  l to  3,000  pps,  and  is  regulated 
by  a servo  motor  controlled  powgr  supply,  the  framing  rate  of  this  camera  is 
monitored  by  a Killimite  (tLC>.4)  flash  unit  which  places  photo  light  tracks 
on  the  film  margin  at  a known  frequency.  This  attachment  is  also  manufsc-tured 
by  Red  Lake  Lab.  The  lens  attached  to  this  cameta  is  also  a Cosmicar  Tele- 
vision Lens  No.  19020  adjusted  to  f/2.0  and  a focal  distance  at  infinity. 


0.  Charging  System 

the  charging  system  is  comprised  of  a 30  kilowatt  power  supply  and  a 
15  microfaisids  »f0  kilovolt  ca^eitor,  capacitor  voltmeter,  capacitor  dls- 
chat’ge  Wi^hantsm,  exploding  wire  and  § series  of  safety 

solenoids,  The  circuit  Is  sh©^  In  fi^ire  the  pewer  supply  c^iseges 
the  capaeiter  to  the  desired  voltage  throogH  a one  aepha  r^eistors.  The 
capeifor  voltag«  Is  measured  fey  a voltmeter  wnlcH  ie  wlf%d  In  pamllel  wUh 
the  ca^itor.  A 400  aigohm  resistor  protects  the  voltmeter^  from  high  current. 

“'he  ar«  dlseharge  aechaniim  is  faferieated  ef  tm  hemispheres 
sgeparated  fey  .§  space  appreximateiy  one  #«4  ©ne-half  times  that  reqaii^i  far 
iii^  1©  are  ietween  rfeg  hsmisphereg  is  a hallow  glass  red 

a high  eeresntap  sllleare  In  the  eester  @f  the  i*id  i§  « feare  wire 

©anduetar,  whieh  pulsei  with  s 2MV  ihapfe  freo  ffee  explosian  se^yense 

fereaks  dawn  the  air  spaee  feetween  the  feras§  ^*4spittress  aetiss 

eauses  the  eipaet  ter  t@  ilsefeargs  ag-re@s  the  espleding  wire  prefee  s 

The  Wi  gharge  fram  the  C€6  uaif  travels  §ut  fetnh  esfe  ef  the  glass  rod  aleng 
Its  Outer  surfa^  and  ares  in  a field  ta  the  ferass  hemispheres  as 

Is  figure  i. 

The  sMpjiediing  wire  prase  s§  §feew?i  in  a seetlorsi  sssemSIy  tfrawlngi 
Fli^re  Us  The  espl&^liig  wire  l§  a #w9  dlimeter^  wire  flia- 

wfeieh  attarhed  t©  the  tigs  fey  ®eat4@t  weldings  ehen  tlfse  ragaettisr 

valtage  is  the  charge  is  emdoeted  ta  the  prahe  »li-e  filament  vhl^ 

inita-ftfly  vaferiuet  sestsltlrig  l?s  a«  espsefel^i  the  energy  frsw  tfee  fersss^ 
hemis^f^eres  is  eesdagt^'d  t©  the  wire  fllase*^t  a sfeos,‘?>i  wire  far 

prepef  eapse Itaaee  feetvee*!  she  ©fttslde  ewfeSwetere.  The  ware  is 

maOttfeeturea  ^ Amphemei  ?&**  Triaw  type* 
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^*  Sequenctng/Firing  Systism 

The  sequencing  and  firing  system  is  necessary  to  allow  adequate  explosion 
time  delay  for  the  relatively  slow  time  constant  of  the  Seikosha  Shutter.  The 
time  delay  schematic, is  shown  in  Figure  5. 

During  test  operation,  should  a problem  occur,  the  energy  of  the  capa- 
citor can  be  discharged  into  a one  megohm  resistor  by  placing  "charge -discharge” 
switch  on  power  supply  to  "discharge.” 


With  the  capacitor  fully  charged  and  the  Dynafax  camera  operating  at 
the  desired  rpm,  the  Hycam  is  started.  After  the  Hycatti  accelerates  to  constant 
speed,  a microswitch  is  automatically  closed.  This  switch  closui-e  trips  the 
Tektronix  Shutter  Actuator  which  simultaneously  actuates  a solenoid  to  fire  the 
Seikosha  shutter  and  provides  an  input  signal  to  the  Rutherford  Electronics 
digital  time-delay  generator.  The  Rutherford  delays  the  input  signal  as  re- 
quired and  delivers  a gate  output  signal  to  the  EGG  raicroflash  unit  which  dumps 
an  eiectrolitic  capacitor  2KV  charge  to  the  wire  located  in  the  glass  rod  shown 
in  Figure  3. 


The  schematic  in  Figure  5 gives  an  overview  of  the  entire  electronic 
circuit  for  charging/discharging  and  sequencing/firing. 


F,  Additional  Equipment 

Supplemental  equipment  available  for  this  test  facility  includes  the 
following; 

1,  Two  surface  wave  gauges  developed  by  Cushing  Engineering  aro  used 
to  tmanitor  surface  wave  pmpagation.  These  gauges  consist  of  two 
x’ods  containing  the  primary  and  secondary  windings,  and  the  bare 
ground  rod.  The  primary  and  secondary  windings  are  eemprised  of  two 
wires  of  different  diameters  wrapped  around  a roetal  mi  and  potted 
with  an  epoxy  resin.  After  the  epoxy  has  set,  the  outer  mating 
of  the  (secondary)  larger  diameter  is  removed  to  allow  contact  with 
the  water,  Via  the  electronics,  the  primary  induces  a voltage  In 
the  secondary.  The  woltsgo  measusod  between  the  ground  rod  and  the 
of  the  secondary  is  constant  over  the  length  of  the  windings. 
Thus,  the  output  voltage  measured  is  in'oi^ortloned  to  the  iwaeralon 
of  the  secondary  into  the  water,  If  totally  l«P§rsed,  the  wave 
gauge  output  voltage  would  equal  one-half  of  the  total  sseendiry 
voltage.  The  resoiation  of  this  Inttruisent  in  depondeni:  on  the  wire 
diamater  of  t.Ho  secondary  wiRdinga,  which  Ir  this  eass  is  less  ttvin 
.11  of  full  scale , The  beat  »mn»  of  agasusdog  the  output  ©f  the 
wave  gauge  @leetr@nics  is  to  ui»e  a high  froqueu^y  ctuir-t  re<s©rd4^ 
with  heat  aonaitive  papor. 

A l&we  Soles;  is  al§©  availabl®  t&  allow  obaervatleo  of  the 

♦<ater  stts'faoe  eondii  ions  during  each  text  ahot « 

1.  prest-ure  are  available  to  laeasutva  shack 

wave  prr^ausv  ttiege  tioMdueers  e&?e,itiaily  eonvort  aereistle 

'vnerg.v  Into  rleeirir  vfiergy  sf  the  S4i*^ie  ftN?q«efKjy  whleh  can  then  fee 
©n  in  egeltlo.^ref!-  . TItu  tronsdurerR  avall^blo  with  this 
faelllty  were  fianufaetured  i^y  Atlantic  Rexeareh,  Ins. 


4.  A Stokes  HIVAC  vacuum  pump  is  attached  to  the  test  tank  to  allow 
varying  of  the  pr«jssure  over  the  water  from  atmospheric  to  1 or  2 
psi.  . 

5.  An  essential  piece  of  equipment  for  this  test  facility  is  the  water 
filter  system.  I'his  filter  system  perforins  two  major  functions: 

it  cleans  the  water  to  a high  optical  purity  to  increase  the  photo- 
graphic quality  of  the  test  medium,  and  then  it.  keeps  the  fluid 
in  constant  motion  to  prevent  thermal  sti'atification  of  water  which 
would  cause  improper  defraction  of  light  beams. 

6.  A Tektronix  storage  oscilloscope  Type  549  is  available.  An  oscillo- 
scope with  a display  storage  memory  is  not  only  used  to  adjust  the 
firing  mechanism  delay  but  also  used  to  display  output  of  piezo- 
electric transducers  for  subsequent  photographing  by  an  oscilloscope 
camex‘a. 

Of  the  above  mentioned  items,  the  only  equipment  not  available  is  a 
high  speed  chart  recorder. 

While  the  previous  section  gave  a general  description  of  the  equipment 
used  for  this  test  facility,  the  following  portion  will  elaborate  on  the  align- 
ment and  sequencing  aspect  of  the  test  operation. 


II.  rtLIGlMHENT  AND  SEQUENCE 

A.  Optical  System  Alignment 

The  positioning  of  the  teat  tank  is  of  major  importance.  To  allow  for 
ease  in  aligning  the  SeMieren  Optical  System,  it  is  necessary  to  place  the 
tank  so  that  this  centers  of  the  portholes  lie  in  a level  plane.  The  nuts 
se<;urlng  t.io  optical  flat  giats  portholes  aro  to  bo  evenly  adjusted  hand-tight. 

The  9-1/2”  diameter  parabolic  mirrors  are  then  placed  on  either  side 
©f  the  tank  as  shown  in  ?*igure  I,  approximately  9 feet  from  the  glass  portholes. 
The  centers  of  both  the  paraboiie  mirrors  and  the  portholes  should  lie  in  a 
straight  line.  This  faat  can  he  established  by  using  a tranr.it  t©  indicate  the 
center  ef  the  porthole  (as  scrifeod  or  two  plexiglass  porthole  covers)  and 
swinging  the  tranlt  in  a level  pl*w»  to  the  scribed  center  on  the  cover  of  the 
paraboiie  miri'or.  It  in  then  necessary  to  adjust  tbo  feet  on  the  mirror  stand 
ta  obtain  the  proper  position.  This  adjustment  wn&t  In?  performed  for  both 
parabolic  mirrors.  When  this  alignment  has  )'een  cosipleted,  the  light  source 
is  moved  into  position  as  shewn  in  figure  1.  The  sisall  front  surface  wins>or 
ahould  be  located  approximately  inches  fi'om  the  paraboiie  mirror  and  I inch 
outside  of  the  collimated  loam  with  the  lamp  turfied  on,  the  pinhole* 

is  adjusted  at  the  feral  length  of  tbv  point  light  source  lens  diatanee  d, 
m shovai  in  rigu.'e  I (appt*oxiwittely  «*.!*  inches).  The  proper  plaestnent  ef  this 
pinhole  should  result  In  a sharp  Image  ©f  the  lamp  filament  en  the  plate  eoti=- 
taif.iflg  the  pinhole.  Next,  the  transit  is  positioned  to  indicate  a level  plane 
betwiftrn  the  center  of  t't©  flrgt  parab&Hc  mlri-vr  and  th«  porthole  of  the  tank. 
The  transit  is  'shen  atmng  in  that  rs*f>rence  plone  to  the  light  sourer  pinhole 
and  the  feet  of  thg  light  source  stand  adjusted  to  place  the  pinhole  in  the 
samo  i\>feroncw  platio. 


With  the  lamp  turned  on,  the  small  front  surface  mirror  is  adjusted  to 
cast  a diverging  beam  concentric  with  the  outside  diameter  of  the  parabolic 
mirror  housing.  After  opening  the  covers  on  both  parabolic  ai.rrK}rs,  the  #1 
porthole  cover  can  be  installed. 

It  is  imperative  to  adjust  the  tilt  and  rotation  of  the  first  parabolic 
mirrox*  so  that  the  collimated  beam  is  concentric  with  the  scribed  circle  on 
the  #1  porthole  cover.  If  the  beam  diameter  at  the  #1  porthole  cover  is  larger 
or  smaller  than  the  scribed  circle,  the  point  light  source  is  not  at  the  focal 
length  of  the  parabolic  mirror  and  an  adjustment  is  essential.  When  the 
Schlieren  System  is  properly  adjusted,  a reference  object  placed  in  the  collimated 
beam  should  oast  an  exact  size  image  on  the  cover  of  the  second  parabolic  mirror. 
It  is  necessary  to  remove  the  porthole  covers  to  prevent  distorted  images  from 
occurring. 

Once  the  collimated  beam  has  been  established,  the  ^!l  porthole  cover  can 
be  removed  and  the  #2  cover  installed.  Again,  the  diameter  of  the  beam  should 
be  concentric  with  and  the  same  size  as  the  scribed  reference  diameter  on  the 
porthole  cover.  Following  this  procedure,  both  porthole  covers  can  be  removed 
and  the  tilt  of  the  second  parabolic  mirror  adjusted  to  a level  position.  It 
is  necessary  to  rotate  the  mirror  to  allow  the  Dynafax  camera  to  be  adjacent 
to  the  collimated  beam  with  the  pinhole  at  the  focal  length  bO  inches  from  the 
mirror.  The  beam  splitter  is  installed  at  a distance  dii  from  the  second  para>« 
bolic  mirror  approximately  45®  to  the  converging  beam.  The  height  of  both  the 
dynafax  and  the  Hycam  is  adjusted  so  as  to  align  the  optics  of  each  camera  with 
the  reference  plane  previously  established  by  the  transit. 


B.  Dynafax  Camera  Alignment 

To  position  the  Dynafax  Camera  properly,  it  is  necessary  to  manually  open 
the  Seikosha  Shutter  and  the  Dynafax  camera  shutter.  The  pinhole  behind  the 
Seikosha  shutter  is  then  manually  adjusted  to  the  focal  point  of  the  second  para» 
bolic  mirror.  The  optical  selector  lever  on  the  Dynafax  must  be  adjusted  to 
allow  the  incoming  light  beam  to  be  observed  externally  from  the  viewing  pert 
on  top  of  the  Dynafax.  The  camera  and  pinhole  must  be  adjusted  to  center  the 
incoming  beam  on  the  cross-hair  of  tho  viewing  port  lens.  When  aligned  properly 
and  the  selector  positioned  to  allow  the  incoiaing  light  beam  to  |sass  through 
the  camera  lens,  an  ittage  can  be  observed  on  the  inside  diameter  of  the  drum 
as  viewed  by  removing  the  front  cover  at  the  base  of  the  Dynafax,  This  image 
should  be  clear,  circular,  and  approximately  3/8  inches  in  diameter. 


Hyeam  Aligniaent 

It  is  neeassary  to  jiesitien  the  Hyeam  at  ttie  distance  djp  as  shown  in 
figure  1.  The  incoming  beam  is  viewed  the  extewial  viewing  port  in  the 
baek  of  ttw*  Hycam,  and  the  camera  is  ttien  adjusted  to  obtain  a sliarp,  round 
image  large  enough  in  diemaiter  t©  flU  the  ontirs*  fiNAma,  Ti«e  pinhalo  is  placed 
at  the  focal  point  ©f  the  converging  beam  o«i  the  Hyoaa  stand. 

The  i^itsitianing  of  the  exploding  wi«'e  pi^als^,  wave  height  gauges,  and 
tie  I so©  Sec  trie  prossut'o  transducer  is  determined  by  tlw  particular  tests  being 
perfersaad. 


U 


D.  Firing  Sequence  Adjustment 

The  firing  sequence  and  required  time  delay  are  monitored  by  usi.ig  the 
storage  oscilloscope.  The  mechanical  time  constants  of  the  Tektronix  Shutter 
Actuator  and  Seikosha  Shutter  are  ascertained  by  making  use  of  a photo  diode 
positioned  in  a light  box  behind  the  Seikosha  Shutter. 

The  diagram  and  schematic  in  Figure  6 show  the  essential  components 
of  this  monitoring  device.  It  is  necessary  to  connect  the  elec':ix>nics  as 
shown.  A high  intensity  light  must  be  placed  close  enough  to  the  photo-diode 
so  as  to  give  several  volts  outpu  when  the  shutter  is  opened.  The  shutter 
exposure  is  then  adjusted  to  1/125  second,  and  the  shutter  is  cocked.  The 
scope  trigger  must  be  connected  so  as  to  trigger  on  the  +5v  signal  from  the 
voltage  divider  (See  Figure  5).  When  the  shutter  actuator  trips  the  shutter, 
the  output  of  the  photo-diode  can  be  observed  on  the  storage  scope.  The  time 
relative  .o  the  step  function  displayed  on  the  scope  screen  should  be  appi’oxi- 
inately  .008  seconds  for  a shutter  setting  of  1/125.  This  test  should  be 
repeated  several  times  to  measure  the  repeatability  of  the  shutter.  For 
example,  for  a setting  of  1/125  second,  the  Dynaflex  speed  should  be  adjusted 
to  expose  one  revolution  of  the  drum  film  in  .008  sec,  (1  rev/. 008  sec  x 

7500  RPH). 

QU.Q 


Ar'Other  signal  can  be  added  to  the  scope  display  as  shown  in  Figure  5 
to  indicate  the  explosion  trip  time  (See  Figure  6B  for  typical  output  signature) 
Time,  Tq  is  the  time  of  the  initial  input  to  the  shutter  actuator  and  to  the 
scope  trigger. 

The  upper  trace  in  Figure  OB  shows  the  time  constant  of  the  shutter 
actuator  and  shutter  exposure  time  indicated  by  the  step  function  output  of 
the  photo  diode.  The  lower  trace  indicates  the  negative  pulse  signalling  the 
explosion  time.  The  delay  time  of  the  Rutherferd  gate  output  can  bo  varied  by 
adjusting  the  time  delay  switches  on  the  Rutherford  to  allow  sufficient  tiie 
for  the  initial  explosion  to  occur  just  as  the  shutter  is  opening. 


Ill,  OPSRATlONAf  SEQUENCE 


This  suction  describes  the  operational  sequeneial  iofortaatioR  necessary 
to  perform  the  exploding  wire  test  with  the  aforeaentioned  equipment, 

A,  Initial  Preparation 


The  initial  preiiaration  includes  a cleansing  of  thp  optical  airrors  and 
lenses  as  well  aa  a water  wash  down  of  the  tonh  and  filter  system.  The  tank 
is  then  filled  to  the  desired  level,  and  diatowaeious  earth  filter  powder  Is 
added  to  the  filter  tank  through  the  trap  basket  adjacent  to  the  pump.  The 
water  is  then  filtered,  as  ii>rqttir«»d,  to  obtain  a el^^ar,  clean  fluid  for  phet©= 
graphing  explesisfu  The  pu«»p  and  filter  system  sHeuld  ha  operated  eentin- 
tujusly  during  '*testing”  t«  pt'svent  the  for«ati©«  of  the*‘aal  stratifieation 
of  the  water.  The  filter  will  requii*e  periodic  cleaning  and  flushing  the 
eleth  sereans,  and  I’criewal  of  the  diatomeious  earth,  the  flushing  of  the  fil- 
ter is  requite  whenever  tlie  tank  pressure  reads  greater  than  psl. 
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B.  Exploding  Wire  Probe  ?.*repat^tion 

The  exploding  wire  probes  are  now  prepared.  An  assembly  drawing  of  the 
probe  is  shown  in  Figiure  4.  The  exploding  wire  filament  (#40  nichrome  wire) 
is  attached  to  the  leads  o2  the  pi*obe  by  contact  welding.  The  leads  should 
be  adjusted  to  a gap  of  approximately  2/8  ir.ch.  After  the  filament  is  welded 
in  place,  the  resistance  of  the  probe  is  measured  and  sliould  be  1 to  2 ohms. 
Once  the  filament  has  been  successfully  welded,  the  entire  probe  is  dipped 
in  an  acrylic  lacquer*  to  insulate  the  probe  filament  fpom  the  water  when  it  is 
submerged  in  the  tank.  Following  this*  the  probe  can  be  installed  in  the  tank 
at  a desired  location.  The  wave  height  gauges  are  positioned  and  the  inside 
surface  of  the  glass  portholes  are  cleaned.  To  veri^  that  the  probe  filament 
is  still  intact,  the  resistance  across  the  brass  hemispheres  of  the  trip  mech- 
anism is  measured.  It  should  be  less  than  3 ohms. 


C«  Verify  Optical  and  Electronic  Systems^ 

The  electrical  system  must  be  connected  properly  as  shovm  in  Figure  5. 
The  mercury  arc  lamp  can  be  turned  on  and  the  current  set  to  5,5  amps.  With 
both  parabolic  mirror  covers  opened,  the  plexiglass  porthole  covers  can  then 
be  removed.  To  verify  that  the  optica)  system  Is  aligned  properly,  the  light 
beam  roust  pass  through  the  pinholes  of  both  the  Dynafax  and  Hyeam  cameras. 

With  the  master  firing  switch  in  the  ”ofP  position,  it  is  necessary  to 
tom  all  AC  power  to  the  ”on"  position  for  the  following  equipments  oseiUo- 
scope,  Hyeam,  Tektronix  Shutter  Actuator,  Rutherford,  ESG  Hicroflash,  photo 
diode  power  supply,  Houston  Counter,  Wave  Height  Gauges,  Redlske  KilliroUe 
and  the  capacitor  p-'wer  supply  with  ”eharge=di§eharge”  switch  in  the  latter 
positi<xi.  The  oscilloseope  triggering  tneehariism  should  be  adjusted  as  fallows ; 
Bode«trig|  slope»neg,  | coupling«S,C. souree-Ext,  The  sweep  time  of  the  scope 
should  be  S »il§ec/em,  photo  diode  preamp  - 5 volts  per/sa  (D.C.)  and  the  EGG 
photo-flash  trip  preamp  10  volts/cm  (6.C.). 

The  firing  sequence  can  M tested  fey  cooking  the  shutter  and  tripping 
the  shutter  actuator  and  the  EGG  trip  aenJianlsm  fey  manually  closing  the  feaeS 
of  the  Hyeam,  With  m fllro  is  the  camera,  the  eamera  feaek  plate  actuates  the 
relay  swltsh  whlsh  is  set  t©  ©lose  after  the  Hyeam  aeseles^ated  to  e&nstaiit 
speed  during  tha  noi^al  ©paratien.  The  stes^age  geopu  display  ihould  appear 
sliailar  to  the  signatures  sl^ws  in  Pipre  Gi,  After  several  tests.  It  shouli 
be  verified  that  tlie  shutter  aotuater  tiwe  esnstai^t  aiid  exposure  tiae  are 
repeatable.  The  time  delay  m the  ^therferd  ehsuM  fee  regulated  s©  that  the 
EGG  trip  plg@  is  ©geurring  at  the  aame  point  Is  time  eo^i^sposdest  to  the 
op«ai^ig  of  the  shutter  as  shows  is  Figure  G§. 


this  eeeti^i  lists  the  step<^fey>etep  proeedua*em  to  fee  takes  for  a teat 
explosion, 

1.  the  IIIk  Is  loaded  Into  fe>oth  eamel^aia  and  the  feaok  of  the  ilyeaii  le 


2.  The  Seikosha  Shutter  on  the  Dynafcsx  Casnera  is  cocked.  (Tius 
I^nafox  shutter  must  be  in  the  open  position.) 

3.  The  capacitor  power  supply  switch  is  placed  in  the  ’’charge” 
position;  and  :hc  capacitor  is  chatted  to  15K  volts  then  the 
power  supply  voltage  is  backed  off  to  zero  volts. 

4.  The  t)ynafax  Camera  is  turned  on,  the  camera  speed  adjusted 
as  required  for  desired  framing  rate  as  indicated  by  the  RPM  on 

the  Houston  Electronic  Counter.  <1  rev.  - 224  frames);  (1  rev.  . . 
to  be  exposed  in  .003  sec,  at  a Seikosha  Shutter  setting  of 
1/125  sec, ) 

5.  The  Red  Lake  Killimite  is  ttimed  to  1000  flashes/sec. 

5.  The  Uyeam  power  supply  is  adjusted  to  3000  frames/sec. 

7.  All  available  data  is  recorded  on  a typical  data  sheet  as 
shown  In  Figure  7. 

8.  The  wave  chart  recorder  is  tutxied  to  high  speed* 

9.  The  master  firing  switch  is  tu«ied  to  the  ’on”  position. 

ine  above  steps  conclude  one  test  shot.  Insnediatel^  ‘ r;  the 
shot,  the  Oynafax  camera  and  chart  recorder  ere  turned  eapaeltor 

power  supply  switched  to  the  ’’discharge”  position.  The  Av,  • " 

be  de-eoergised,  and  the  film  and  data  mrieved  for  analy3I4.^^ 

The  informaticfi  cmceming  the  pressure  tramsdueers  was  not  included  fiar 
test  description*  These  transducers  can  be  eenneeted  to  m oseilioseope  and 
photographs  t^y.m  of  their  signatures  for  a given  test  to  record  explosion 
yield  by  measuring  shock  wave  maximum  presaur«s. 


IV. 

The  preceding  tefertsalion  is  e§ienti#i  is  eanduetiftg  m underwater  test  ^ 
explosion  a§  exhibited  in  the  ghsek  test  facility  presently  available  at 
liigfiir*gt0n  * ©.€'»  Also  ineluded  in  this  oparatini  t^nual  are  pHntop*aphi  of 
tl^  facility  and  diagrass  which  have  been  si^^rlately  labelled. 

sssseming  the  eperatioft  ©f  thlfe  test  facility  tan  bt  dls^ted  t© 
Pushing  'Engineering,  Inc «,  Kart lilindi^  ©r  tl^  mimt  of  this  deeument. 


nemtE  i 


.1 


i 

I 1 

1 

I 


ft. 


i I 


I I 

f 


TYPICIiL  DATA  SHEET 


A,  Cam&pa  Data 

1.  Framing  Rate  of  Dynafax  Camera  ^ 

2.  Magnetic  Pick  Up  in  ^aes/Scc  ^ 

3.  Writing  iime  ( sec)  of  Dynafax  

4.  Stmtter  Setting  on  Dynafax 

5.  Record  Bolex  Camera  Framing  Rate  ^ 

6.  Record  JRed  Lake  Camera  Framing  Rato  ^ 

7.  Red  Lake  Hini«>Light  Setting  ^ 

8«  Red  Lake  Camera  a.  aperture  b.  focua  setting  ^ 

h. 

9,  Dynafax  Camera  a,  aperture  b,  focus  setting  a» 


IQ*  Solex  Camera  a.  aperture  b.  focus  setting  a« 

b. 


i.  Tank  Setting  and  Die^sions 
I.  FDyaical  DiaenBlans 


4»  k>ssisf«aif«  @f  ivfes'v' 


}i 


5.  Resistance  of  wire  after  acrylic  coating 

6.  Wire  Dianeter 

7.  Vlra  Length 

g.  Wave  Gauge  Distances  from  Probe 

9.  Water  Teoperature 

10.  Tank  Pressure 

11*  Distance  froo  LClO^l  to  probe  (pressure  transducers) 
12.  Distance  frou  LCIO'2  to  probe  (pt'essure  transducers) 


C.  Data  Taken  at  Control  Station 


1«  Measure  Capacitance  of  LClO-i  (pressure  transducers) 


2.  Measure  Capacitance  of  LC10»2  (pressure  transducers) 

3.  Oscilloscope  reodia(ps  - Model  Ho. 

a.  Sweep  Rate 

b.  Vtlts/Div 


c«  Ko. 

d.  Trigger  level 

4.  Tiee  Delay  for  LCIO 

5.  fiigh  Voltage  Cebts  Kesistaaee 
High  V^tege  Capaeitar/^e 

7,  .High  Velsage  CapsKslisi’  Vditagw 
I.  Sp^sitivity  aiid  W&ter  L«?vei  Setting 

a*  Wave  Gauge  4a*  i 
bs  Wave  Gaug^  t 

I'.  Seenrder  Speed  Wave  dauge  i«=«erd) 

i@*  Setting 

11 « vnitage  @n  DIsch'irge  €apaeltt»r 
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apf.':;ndix  b 


PERSONNEL  RELATING  TO  SHOCK  TEST  EXPERIMENTATION 
IN  L/iSHINGTON  AREA 


The  following  persons  were  contacted  in  sn  attempt  to  identify  a user 
for  the  test  facility  presently  located  at  Naval  Research  Lab,  Washington,  D.C. 
(Responses  were  negative.) 


Naval  Ordnance  Lab  (New  Hampshire  Avenue) 

Mr.  Robert  M.  Barash  301-394-2583 

Naval  Ship  Engineering  Center  (Hyattsville) 

Code  6105G  Hanley  Ward  436-1982 
Code  6153  John  Conway  436-1248 

Naval  Ship  Research  and  Development  Center  (Cardercck) 

Dr.  W.  Hurray  227-1705 
Dr.  Short  227-1726 

Underwater  Explosion  Research  and  Development  Center  (Norfolk  Naval 
Shipyard) 

Dx*.  E.  Palmer  804-393-5098 
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APPENDIX  C 


LIST  OF  EQUIPMENT  MANUALS  AVAILABLE 

1.  EGSG  549  Microflash  System,  Number  B-3114,  15  July,  1965. 

2.  Houston  Instrument  Corporation,  Transistorised  Timer  Counter  TC2A 

3.  Rutherford  Electronics  Company,  Model  All  Digital  Time  Delay  Generator 

4.  Tektronix  Shutter  Actuator,  1962. 

5.  Tektronix  Storage  Oscilloscope  Type  549,  and  others. 

6.  Red  Lake  (KYCAM)  Millimite  Flash  and  Dynafax  Camera  manuals  are  available 
at  the  Cordin  Company,  Salt  Lake  City,  Utah,  801-487-1075  (Also  Red 

Lake  Lab,  Santa  Clara,  California). 


